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PRESSURE TRCP IN TANK AND FLOAT VENT TUBES
ON DIVING AIRPLANES
By C. D. Waldron

SWAARY

Laboratory equipmsnt was sot up that simulated the tank and
float venting conditions that exist on diving airplanes undergoing
rapid changes in altitude., Deta from the laboratory tests are pre-
sented as cvrves that give the dilfforernce in pressure between the
outside and the inaside of tanks and flvats on airplanes having a
rate of change of altitudo of 300, 400, and 500 miles per hour
when descending from altitudos of 10,000 to 40,000 feet. The
tonks and floats had volumes of 16, 20, 40, and €0 cublic feet
and were equipped with ven'ing iubee hnving ins'de diameters of
13/32, 21/32, and 37/32 inch and lengths of 2 and 12 feet, The
laboratory results were checkod ugains: results from a flight
test, A procodure was developed for calculating the pressure
drop that exists in the vonting tubes on diving airplanes,

INTT.ODUCTION

The pressurs on the outside of airplanes incrocses consider-
ably whren they mako long divos from Lig: altitudes. Large pres-
sure differences tuild uvp betwoen the outside and tlie inside of
the tanks and flouts unless tiie venting tuhos to the fuel tanks
and to tlio floatg on ssaplanos aro of sufficlent size. DBecause
of tank and float failures in sorvice, tro Bureau of Aeronautics,
Navy Department, requosted tho NACA to invesiigate these precsure
difforences and to ohtain data for use in the choico of vent-tube
B.izes. :

Calculating tho sizo of v.n: tubto ncoded is a tedious pro-
coss becavoc oY tho changing alr dencity and tho changing diving
volocity, Obtaining the novcessary deaipn data from toot fligate
would be both dangorcus and oxponsivo, Excoept for tho offoct of
tomperaturo, a ladecatory oet-up can readily lo mado of tanks
and vents trat will simulato the tanik und iloat venting condi-
tions oxistirg on airplanes, Caloulations showod tho effoct of
tomporaturo varintion on pressuro drop through a vent tube to de




80 small that the results of tests at laboratory temperatures can
be considered to represent olosely those that would bo obtained
at the air-tomperature conditions of a diving airplane,

The tests in the laboratory simulated terminal-velocity
dives, which present the mos’ severe corditions from considera-
tions of pressuros on tanis and floats and, 1f vents are designed
for this condition, they will be sufficient for any other flight
ocondition,

Tho tosts were based on a static pressure at the ontrance
of the ven: tube which is the same as that of the atmosphere.
For en airplane, care nmust be taken to prevent a reduction in
press'we in tie end of the vert tube caused by alr that flows
past it, In moat cases, 1% will be necessary to locate tlhe en-
trance of a vont in a dead-air space or to point 1t sligatly
forward if it is in tho air stream. Roforence 1 gives the static
pressure in t:ibes extonding into air stroams,

The rates at which the atmogphoric pressure changes during
terminal-volocity dives were obtained from roferences 2 and 3,

A flight test for oro vonting conditioa served as a check
on tho applicability of the laboratory results,

APPAR\TUS AND METEODS

The laboratory apparatus consisted essentially of two
chambers soparatod by a diaphragm as shown in figure 1, The
pressure in the uppor chanber was varied in the manner in which
it would chenge on a diving airplane., Thoe volume of the lower
chambor could be mado to correspond to that of any fuel tank or
soaplano float by varying tho wotor level, A glasec tube and a
scale outside of this chambor showad the volumo of air in the
lowver chambor, Various vort tubes wore mounted in tho diaphragm
soparating tho two chambors.

The promssure in the uppor chambor was ropgulatod by a hand-
operatod valve acoording to tlio reading of tho mercury manomoter
in front of the drum on which charts woroe mounted. Thooo charts
were so drawn that, wlon tlhio mercury levsl was kept ovon with
tho lino on tho chart as the drwa was turned at constant spood,
the pressure in tlioc top chambor variod as il would on tho outside
of an airplano diving undor tho conditions assumed in computing
the caart,




The pressure differsnces between the upper chamber and the
atmosphere and between the upper and the lower chambers were re-
corded by the NACA air-speed recorder (roference 4) used as a re-
oording menocmeter. The record of the pressure diffoirence between
the upper chamber and the aimosphore vms obtained a2s a clleck to
insnre that the pregsure varied according to the assumed diving
conditicna., The record of the pressure difference betwoen the upe
per and the lower crambhors gave tie drop in pressure caused by the
vent,

A sarple of tie records ohtained is shown in figure 2. The
differonce in pressure botwoen the upper and the lower crambors is
AP, and the difference in pressuro between the atmosphere and the
uppor clamter is lateled "uppor-chamber pressure."” Two linos are
labeled "uppor~cllamber pressure” because two mirrors woie needed
to record thc desied i1ango of prosswre, tho light boam from the
second mirror coming onto tihe £1ilm slightly tefore the beam from
the first mirro: went off, Tho timing 1arks on the film occurred
at 3-second intorvals,

An electric awitcih wvas connected so as to start tho recording
manometer and tlio morocury-mancaotor dirum sinultancously,

The two chambors of the luboratory apparatus wero ovacuatod
by a 2-horsepcwer electrically drivon vazuun pump capeble of
evacuating tho 6C-cubic-foot tark down to tho prosswre existing
at an altitude of 4C,000 foot.

The following tost conditions wore usod:

Insido ! Torminal

diamotar | Lenath velocity Altitude of

of tube | of tubo of airplane | start of dive
{in,) (£t.) . (m o.h,) (ft.)

13/32 2 50| 20C, 406, 500 /10,000 - 40,000

13/32 12 2c ' 50, 400, 10,000 - 40,000

21/32 2 2 250, 409, 10,000 - 40,000
21,32 11 2 80 39, 400, 10,000 - 40,000
37/32 2 30| 200, £.00 {10,000 - 40,000
57,32 300, 4CC, 10,000 -« 40,000

3/18 12 5 Conptant spood 20,000
of 300 m.p.h.




The values given in the tadle for "terminal velocity of air-
plane" are the velocities the airplanes would reach if they were
diving in air at sea-level conditions, Reference 2 gives tle
aotual velocities reacred by these airplanes in terminal-velooity
dives.

All the vent tubes were made of standard smooth annealed oop=
per tubing with ro skarp bonds and had clean sguare entrence and
exit edges. Tho long tubes hald to te coiled several times to fit
into the testing clambers. Tho tubes with diameters of 13/32 and
21/32 inoh were Yen:t on a 6-inch radius and the 37/32-inch tube
was tent on. a 9-Iinch redius, Friction moasurenments with the
15/32-inch tubo shoved that tho bends did not appreciably incrcase
the friction, Tils rosvlt indicated that tho flow in the tubes
was tucbulent (rceforence 5). TFlush with the entrance end of each
tubo was mounted an 8-inch: sguare platc to eliminate the offect
of the air currents that wndcudbtedly oxistoed in the uppor chamber
during tests, During somo tosts witlL the 3/16-inch-diametor tube,
this ond plato was removod and its effoct on tho prossuro drop
throvugh the tute wan found to be nogli;sible, which showed that
the results of thic roport alpo apply to venting conditions in
which the tube ortranco 1o not flush witkh a flat surfaco,

The proccdure for rurnning a tost vas to install a vent
tubo, sot the lower-chambor volume, put tlio proper chort on
the mercusy-maromcier drum, and ovaciate the chambors to the
desirod pressuro., Then tlio mancmetcr ewitch was closod and tho
valvo to tihwo atmosphero roglatod so that the mercury levol
stavod cvon with tho line on tho ciart as tho drum rovolved,
on tho nwrcury colimn roaciicd tho bottom of the chart, the
nanometorr switcl was oponod.

Tauvs, in tao laboratory tests a pressuro was maintained
at the ontranco %o “ho vont tubo that corrosponded to tiae prose
suro on tho freo ond of a tuuo veniting a tank or float on o dive
ing airplano. Tho othor ord of tho oxporimontal vont tubo
openod into a volum: oqual to that of tho vonted tark or float
on tho diving airplan:z,

Tho flight tost wns mado with a 4,55-cubic-foot tank
(rig. 3) placod in iho tagcugo compartmont of a F-29 eirplano,
The tank was of 1/17-inch aluminum, was 30 inchus long, and had
two insido btaffles to provont oollapso during tho dive, Tho
long tube shown attaclod to tho sidu of the tank 1s tho vont,
The short tubo on tho ond is tho connootlon for tho rocording
manonotor,




Although the fuselage of the airplane was of tight monoooque
oonstroction, venting louvers on the bottom allowed the pressure
inside the fuselage to vary with that on the outside.

Figure 4 shows the location of the tank and the instruments
in the airplane, The altimeter gave a record of pressure chang;e
with time inside the fuselage and the recording manometer gave a
record of the difference in pressuro botween the inside of tla
fuselage and the ingide of tho tank. The interval timer simul-
taneously placed 3-gecond timing marks on the manometer and alti-
meter records,

CALCULATIONS

Before the construction of laboratory apparatus for making
tests, 1t was necessary to determine the amount of error intro-
duced by running the tests at oconstant temporature instead of
varying the toxperature as it would vary on a diving airplane,
Becauge actual measuromonts of the effect could not be made with
the apparatus available, the pressure drop in the vent tubes was
calculatod,

The loss of static pressure when air flows through a tube
under those conditions is caused by tho entranco drop, the ac-
celeration drop, the Jet-contraction drop, and the friction of
the air against tie tube,

The loass of prossure causod by tho entrance drop, the ace
celeration drop, and the Jet-contraction drop is:

&P, = 1.4 52 (reforence 6, p. 52) Q)

AP, 1s tho prossure loss, 1b,/sq. ft.
v, volocity of alr in tube, f.p.s.
p, eir density, 1b./cu, ft.

Thore are several mothods of computing the loss of pressure
caused by friotion. Some preoliminary friction investigations




with a 1/2-inoh by 12-foot vent tube were made and the equation
of Blasius (reference 6, P. 42) was found to be most nearly core
rect for expreassing this pressure drop, His equation is

vﬂ
APB = Ap ‘e (a)

4P, 1s the pressure loss, 1b, /sq. ft.

Aw 0.1_5_8_3
A/ R
R, Re;nolds Number (pva/u)
a-2r, Alamote- of tube, ft.
u, absolute viscosity, 1b,/sec, ft.®

1, length of tubde, fit,

The velocity of the air in the tubo used in the calcula-
tions was the moan velocit; acrosa the tube, Because of the
change in denaity, the velocity at the exit of the tube was
higher than that at the entrance, The correct method of com~
puting the loas of pressure along the t-ibe cavsed dr friction
vould have been to sum up tke pressure drop along tie tube as
the velocity varied, but this method would have lLeen too couwplex,
Sample calculations were made using the moan velocity and density
at the entrance, at the midway point, and at the exit of the tube,
The coxputations mado with tho moan velocity and density midway
between the ends of the tube fitted the exper’mental valucs most
clogely.

Figure § chowvs n coriparison betweon the caleulated and thre
experimerital rosults, T:4 lower solid line is a calculatnd
cuive, whoreas tho poinrs are takon from experimontal curves,
Another comparieson beiwecn calculated and oxperimental results
can be obtained frem fipurcs 7 and 1€,




The upper ocurve in figsure S5 was obtained fram references 2
and 3 and is the atmospherio preasurs on the diving airplane
plotted against time of descent, The calculaticns were a step-
by ~step procoss ta¥en at Intervals of 2-1/2 ssconds, starting
froem zero time vhen tlhe presiwres inside and outside tiie float
were the same. Two end one-half ceconds aftor zero time thLe pres=
sure on the outside increased Ly an amount obtainod from the
atuogpaoric~-pressuro curve, This increaped prossure causod air
to flow throuvgh ‘he veni and inciermse the prercure inside tho
floe%, Ti3 1ate of flow Lirough the vent depordsd on now much
the inaslde pressure Huilt wp arnd the amount ti.is pressure bullt
up depenfod on the rate of flow., I% was therefore necessary to
estimate either tlo pressuroc or the rate of flow, compute the
otler, and thon ccrrect tho estimate.

Tho veloclity was ostimated In the computation of the lower
ourvo In figure &, The velocitr at the end of each 2-1/2 second
interval was estirated, tho average voloclty during this inter~
val wes dotormined, and tho wolgit of air that would flow into
the float in 2-1/2 sccends witl this average volocity was thon
corputed., From the welght in the fleoat, tlo pressure wes com~
puted, This velociiy, astintod at the 2-1/2 gecond poinst,
cavscd a voloeity-hoad press.re drop in trho vent tube that was
given by equation (1) and a f:io*lon pressure drop that was
givon by equation (2). Wnon those frictisn and volocity-lisad
prossurcs wore adled, tlhioy wors requirod to cqual the prossure
obtairod by deducting fronm the pressuro outside tho float tho
oomputed pregaurs 1unsilo tre flozt, If tlils sum did not equal
this diffcronco, succeasivo ostimatos of volocity and prossure
woro rade until tlo valucs chocked, The forcgoing proceduro
wac continued until tha curve of tiie preossure in tio float Jur-
ing; tho ontire dive was obtainucd,

A sample of the calculations mado for figure 5 follows:

Timo: 2.5 secords aftor atart of dive

Po(tark) = 8.54 in, Fg, starting point,

Pu.s(tank) = 8.85 in., Hg, ostimated,

Po(atmos,) = 8.84 in. Ug, starting peint,

Py, slatmos,) = 8.90 In, Hg, from top curve,




v = 20.0 £,p.8,, estimated.

v = 10,0 £.p.8. average during the 2-1/2 sec,

av,

20,0
- =
3

8.84 .
Po = 0.0765 X =<2 = 0,0228 1bv,/cu. ft.

-

1.4x0.0C
4.4 X

2 X 29.92

8.5 + 8,90 -

i [
pn s - °l°760 b3

. = 0.0227 1b./cu. ft,

0.0227 + 0.C22¢
= 2-—

P = 0,02265 1b,/cu, ft,

av, -

Weight flowing into tank in 2.5 sec, =

33"1-:;‘--’!-"—2-—'5 X ©.02265 X 10,0 = 0.00051 1b,
64% x 144

5%.3 X 512 X 0.00051

= 8.84 + =509 % 124 X 50

Pa.n(ta.nk) = 8.843 in, Hg.

AP(t = 0-90 L) 8;843 = 0.057 m. HB.

ubo) ™ Pa. s(atmos.) = 2. s(tank)
Crecking:

1l.4pv® 1.4 X 0.0227 x (20.0)2

1" T2 " ei.ax e xo.a9 - 0-0028 in. Hg.

0.1502 1 v®
- p = —

AP :
N R r 2

0.15F2 x 0.0227 X 12 X (20.0)° x 64 x 12

4
0.0%27 X 20,0 % 13

X 15 X 64,4 X 144 X 0.49
¥ z2aed.19820"°

= 0,0574 1ir. IHg.
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e + e i et

Ap(tube) - AP:. + AP’ = 0,0028 + 0,037¢ = 0,0402 in. Hg.

Anotler sotimate of v 18 necsssary sincs the two values
of AP(tyrg) of 0.C402 and 0.057 insh of mercury de not chsck.

If v 13 taksn as 24.0 feot por sscord, the two values check
very closely,

The foregoing caloulations are for a stanilard terperature
of 59° F,

After the experimental values wore checked agairst ths cale
culatod values, the presswre in ths float wes computed with the
tempsrature of thLe air enterinz ths vent t-le varying as it would
on a diving airplane, Inclided in ffgure 6 acs the curves for
the varyirg-temperctwre and tho conctant-tomperaturs conditions
ocoaputed for a very slicyt tube of l/z-inch ineide dimmeter, TLe
raximum diffsronce botvecn tho two curves was about 0,3 inch of

sewy, which 1s 2,3 percont of the pressma drop of 13 inches
of mercury through the tuvbe, The indications aro, then, tihat an
inappreciableo error i1s introduced LY running the tests at a cone
start temporature, In tlesc czlcalations, a valus of the vise
cosity of tho air at a sitandsrd tompuraturo of 59° F, wos ussd
and was not considerod to crange vith temporaturs since only

the fourth root of its variation would havs ontered tho final

result,

Filgure 6 also shows the calculatod proasures buillt up in
this float with sevorscl othor sizus of tube, With <o 1-7/6-inch
tubs, thoro wes aluost completo oqualization of pressure btotwoen
tho outsido and the inside of tho largost floats Lo be tosicdj
therefore, thoro wes no nood of using this sizo tuto in tho tosts.
Tho 13/32-1inch tubo wes little bsttor than no tubo, Inasmuch as
float volumus ono-sixth ag largoe as this largost aizo wero to be

uscd, it wae doclded %o tost vonts os small as 13/32 inch,

Figuro 7 shows tho offoct of incroasing tho longth of a
37/52-1inch tube from 12 to 16 foct.

Tho prossurc drop obtained
with tho two longths dAiffercd by only 0.6 inch of morcury,

With
tubos of 13/3Z2-1inck diomctor both calculations and toate showod
about 0.5 inch of mercury diff.ronco in prossurc drop to oxist
betweon divos with 12- and 1G-foot lorgtrks, Thoso conditions
being oxtreme, tLo small difforonces mado it scom inodvieabls

to run a complote sorics of tosts with 18-foot tubos,

~

————




FLIGHT THESTS

The fligh® made for the purpose of checkirg the ladoratory
results wezs started at an eltituvde of 20,00 fest and ths air-
plare was divsd at a constant indicated spsed of I00 milss per
bour,

Before the dive the tank used in the airplans had flat sides,
Althougk the tank was vnusaally hsavy ond hai two in“ornal brrces
in a lsngth of 30 !fnches, fipure 3 showe that the sides of the
tank wors bant In hetwosen tle braczs during the divo,

After the flight was finighed, a run was madec with tie labe
oratory *ank; r volivre ol 4.F5 cuvlc feet in tlhe lowor chamber
ard a progg.ue-time curve that corresponded to tha eltimeter
racerd ovtalned durlas tiie fli~slt vern veed, Fircure 8 shows
ths preesure curves oltained with tho aliplane and in the lnbora-
tory. Tho laboratory run cl.owved & presaurcs drop trrougi: the vent
of abovt 0.5 inch of mercur, greater trun chat obtained with ths
airplare, Calzulatlons besed on a verying atuwosploric *empara-
ture ort a coratant turk teugyertturo indlcated that the prossure
obtalned wiili the nisplane wuld to selipltly telow tlat obtained
in the laloratoiy. &7nce te revessw was truc, tue tank in tie
airrlane ray kavs inecrcaped in teporature as tho dive progressed
ond gave an ircrease in thou proseure In the tunk owing to an in-
orcaso in tank lcmperutwe, Thie curves obiainod in *lo two types
of toat show that tlis l-poratory data are sufficlently acc.rate
to te nsod for the dosisn of veut tuhes, As tlic laboratory
et show a grector drop tivrough “hu vunt tudbe than the Iflight
test, the diccropancy is on tho scfe siio and gives a alight
factor of eafoty to vonts Aosigned from the curves obtainod in
the laboratory.

TZST FESULTS

The test data aru prcscrntod in the form of curves (figms, 9
to 18) suitabls for uso in dctermining tl.o correct vont dinmeter
end longth for various flight ccrditions, For each tsminal
velecity =rd for esch tank or float volume, thore is a figurs
prorenting the rcsults for cach vent dlamcter and tho two lorgthe
testcd, Tho altitude from vhich the divo starts is reprosorted
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Figares 12, 13, and 14 give the results obtained with the
tanks harirg 21/32-inch vont tules. This size of tube kXep:t the
valie of AP volow 2 inches of mercury for both “ube lorngths
witi 10-cuble-foot tanks or floats and would be satisfactory for
terminal velocities of 300, 400, and 500 miles per aour, in dives
from 40,9C0 feot, With 20-cvbic-fcot flouts and a 2-foot tube,
tihe AP waa woll below 2 Inchos of mercrcy for a termiral velocity
of 300 miles por Lour, slizhitly above 2 insl.es for 400 wmilos per
hour, and nearly 3 incles for 00 mlles per Lour in 4C,000-foot
dives, - Vont tules 12 feot long on this 2C-cubic-foot float gave
a LP emal to 2.7, 4, erd 5.4 inclkos of movcuvr, for the throe
terminal velocitios, The 4C~ ard E0-cuvic-foot floats gave
valuea of AP renging from 2 Yo 1C inches of mercury, the 2-
inch drop corresponding to a 10,00C-fcot dive ity £n elrplane
witk a terminal valocity of 300 miles pur hour and with a 2-foot
vont tube,

Tigarea 13, 16, and 17 show the rosults olttained with the
37/32-1nch tutos, The valico of AP wero vaory amnll with this
£ize of vent and becanme proator than 2 irnches of mercury only
with 12-foot tubes on CO-cuhlo~foot floats for termiral veloci-
ties of 4C0 andl 500 niilea p:r 0:r; *no values of AP were

2.5 and 3,7 inches of mo.cury, rospoctively., With 10-cutic-Tfoot
tanks or floata, the LP? wnB 100 gmall to to readlly moasured,
With the 20-cubic-tost float, tlhe valuvs of AP were vory small,

Flpure 18 1llvstratos Low tho data can be combined and
rlotted in a fo:m that ury te more ugef.d Lo dsalprors, In
this figuro, tho vount-tuuo dlaniotor 1s plettod agninot tlo pro-
duct of tle float volume und tio terminal voiocit,”., This terminal
velccity 1s tlio samu as that uscd in the otker figuro logends.
Flugure 18 applica to dives starting at 40,000 foet and glvis the
vont digmoter necdod if +lw vaximn valne of 4P to to roachod
in tle dives is 1 or 2 inchos ¢ mecrevry, 7%ho dnta coiild po as-
sMmllod 1nto minilar curves for any othour altlitwlo of iivo start
orl for any o*lor valic of 4P, 4Ylo sliltudo cf dlve wtart 1o
not cirltical, howevor, and any dive in whick torminal voloclty
1s roaciicd would ioquire, for thoso sawo valucs of AP, a vent-
tube diauotor only slighily difforent fram the valucs given in
figure 18,
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terminal velocity, cu.fv. x m.p.h.

needed for maximum values of AP of 1 and 2
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5,000
Float volume X

Pigure 18.- Vent-tube diameter
in. Hg Altitude of dive start, 40,000 ft.
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